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Introduction and Aims 
 
We have developed a blended program for teaching Biochemistry, in particular metabolism, to 
undergraduate students undertaking the degrees of Bachelor of Science, Biomedical Science and 
Nutrition and Dietetics. In these degrees, where graduates develop scientific skills and clinical skills 
when appropriate, a thorough understanding of biochemistry is essential.  
 
 Blended learning approaches aim to bring together face to face and online learning modalities in 
combinations which will enhance student learning (‘Blended learning’ 2005; Aycock, Garnham and 
Kaleta 2002; Garnham and Kaleta 2002). Our aim in designing blended biochemistry units was to 
integrate the various components of the units into single continuous entities with the components 
being linked and interdependent. We therefore developed an integrated blend (Clark 2003) delivered 
both online (WebCT-Vista) and offline (face to face lectures and tutorials, distributable print media, 
CDs).  A range of interactive multimedia learning modalities and face to face learning exposures are 
thus used to promote interactive, active, student-centred learning and enhance students’ problem-
solving skills. Blended learning was introduced to: 
1. cater for a range of learning styles and engage students at a higher level of learning; 
2. integrate in-class and out-of-class learning; 
3. improve students’ ability to master and integrate biochemical concepts which are fundamental to 
understanding metabolism;  
4. allow students to work at their own time and pace using online learning; and 
5. encourage students to assess their knowledge and understanding through electronic quizzes and 
to provide prompt and direct feedback on their performance. 
 
Content of the Blended Courses 
 
The teaching/learning packages encompass the following: 
1. Lectures (face to face) with extensive lecture notes available online (WebCT Vista) 
2. Self-directed learning which encompasses tutorials and problem solving exercises that are 
presented as online and offline computer activities and paper-based exercises 
3. Tutorials with and without tutors 
4. Case studies presented in a variety of  formats: 
• face to face discussion/tutorial sessions. 
• online followed by tutorials. 
• entirely online with accompanying learning material and quizzes online. 
5. Self assessment quizzes (online). 
6. Analysis of scientific papers and websites (online and paper based). 
7. Laboratory based practicals and research projects. 
 
Lectures 
Face-to-face lectures are an integral component of our units as we feel they contribute to the students 
learning (Bligh 2000). In many cases the lectures emanate from case studies, are attuned to problem 
solving and aim to be less didactic and more student-centred to encourage deeper learning (Biggs 
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The self-directed activities integrated in these units allow students flexibility of pace, time and place 
of learning. Examples of self-directed activities blended into our units include in depth tutorials to 
enhance students’ understanding of metabolism compiled in two CD-ROMs, Biochemistry- A 
Metabolic Challenge and Nutritional and Hormonal Aspects of Diabetes. Students can access these 
tutorials either on CD-ROM or on campus (Monash University server).   Biochemistry- A Metabolic 
Challenge is based on a series of highly interactive tutorials covering various aspects of metabolism.  
Nutritional and Hormonal Aspects of Diabetes incorporates three main menus: ‘Introduction to 
Nutrition’, ‘Biochemistry of Diabetes’ and ‘Dietary Therapy for Type 2 Diabetes’. These programs 
use animated demonstrations, ‘click and drag’ reaction sequences, and varied assessment formats 
(Multiple Choice Questions, ‘click and drag’ the correct answer, True/False statement). Students 
receive either immediate feedback or are directed to find appropriate answers for themselves.  
 
 Problem solving exercises have been developed (included in both CD-ROMs) to enhance 
students’ analytical skills and to help them learn to integrate material from varied sources. Examples 
are; ‘The great metabolic race’ which describes catabolic metabolism associated with long distance 
running and ‘The after race banquet’ which discusses anabolic processes associated with the 
recovery phase after a meal. These exercises lead to interactive activities e.g., ‘Inter-relationship 
between pathways after a meal, between meals and during starvation’, an exercise that enables 
students to understand how the body’s metabolism differs in the ‘fed’ or ‘fasted’ state. This activity 
leads students, step by step, to analyse the effect of starvation on the metabolism of macromolecules. 
Inter-relationships between pathways in various tissues in fed or fasted states are also compared to, 
and contrasted with, the effect of type 1 and type 2 diabetes on tissue metabolism. 
 
Tutorials 
Tutorials play a major role in integrating a range of teaching/learning components into single 
continuous entities in which the components are linked and interdependent. We use traditional 
tutorials, with tutors, as discussion forums to extend and reinforce material presented in lectures, 
web-based cases and self-directed learning exercises. Tutor-less tutorials are a modification of self-
directed learning in which students work independently in small groups at assigned times. Students 
are divided into syndicates, allocated scenarios with accompanying questions and required to prepare 
‘mini posters’ which they present to the class, in the presence of a tutor, at the end of the session. An 
example of this is ‘Metabolism in health and disease’ 
 
Case studies 
A major teaching/learning component of these blended units is the extensive use of case studies. 
Details provided in each case may include: patient history, physical examination and results of blood 
tests. The cases, timed to integrate with the lecture program, aim to revise and extend students’ 
knowledge and help students integrate their learning. A range of modalities have been incorporated 
into the application of the case studies including:  
1. Entirely face to face discussion/tutorial sessions: case details provided to students during 
tutorials.  
2. Web-based combined with face to face tutorials: students access the case online and prepare 
responses before a face-to-face tutorial. After the tutorial, detailed discussion is posted online 
allowing for student revision and exam preparation. In addition, self-review multiple choice 
questions relating to the case and to the review material are also posted for student self-
assessment. 
3. Entirely web-based: case details and accompanying interactive activities and quizzes are either 
online or on CD. Feedback and model answers are provided after submission of answers online. 
If students perform poorly, they are directed to relevant course material for further study.
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The following are examples of topics covered in case studies in a range of units. 
• Effects of alcohol on metabolism 
• Gout caused by an enzyme deficiency in purine metabolism 
• Anaemia and red blood cell metabolism 
• Congenital adrenal hyperplasia (error of steroid hormone synthesis) 
• Pernicious anaemia caused by vitamin B12 deficiency 
• Type 1 diabetes and Type 2 diabetes  
 
Self-assessment quizzes 
Quizzes related to lectures, cases and problem solving exercises are posted for students on WebCT 
Vista. These allow for both formative and summative assessment and revision before exams. They 
comprise both multiple choice and short answer questions. Feedback and model answers are 
provided after students have submitted their answers online.  
 
Analysis of scientific papers and websites 
The aim of these exercises is to provide students with an understanding of how research papers are 
written, the peer review process and how to think critically about research data and to be able to 
evaluate web sites.  To analyse scientific articles students are provided with edited sections 
(introduction, methods and results only) of scientific papers from peer reviewed journals and are 
required to discuss the papers without the aid of abstracts,  discussion and conclusion sections. Web 
analysis involves students visiting designated websites and assessing them for: accuracy, authority, 
objectivity, currency and coverage (Alexander and Tate 1996). 
 
Laboratory based practicals and research projects 
The units integrate varying numbers of laboratory practicals ranging from enzyme kinetics to the 




Discussions with students and responses from questionnaires have indicated that the students have 
responded particularly well to the participatory nature (active learning) of these blended units. Many 
students commented that the case studies (on- and off-line) were critical to the units as they enabled 
them to focus on the relevance of biochemistry. The computer based case studies were reported as 
very enjoyable learning experiences, which encouraged self-directed learning and gave students 
confidence and satisfaction in their own ability as well as the opportunity for more flexible learning. 
Some students however, indicated the importance of accompanying tutorials with access to the 
expertise of a lecturer/tutor and for many learners this may be an important aspect. The range of 
responses illustrates the varied learning styles used by students. Students found the online quizzes to 
be a valuable tool which gave them the opportunity to test their performance and understanding of 
the content through MCQs/SAQs and feedback comments. The quizzes also reinforced which 
concepts were important to understand. 
 
Discussion and Conclusions 
 
We all have preferred learning styles (Kolb 1984) but also use a range of different learning methods. 
The multiple modalities for learning that blended learning/teaching provide has the potential to cater 
for the different learning styles of our students. The units we have developed were designed to build 
on this potential of matching the learning needs of the students to different delivery methods and 
integrate in-class and out-of-class learning. The incorporation of an integrated blend of components 
should assist students to apply their knowledge gained and master and integrate biochemical 
concepts which are fundamental to understanding metabolism and to appreciate the relevance of 
biochemistry, thus motivating knowledge acquisition and deepening the quality of their learning. 
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